The term distal tibia fractures encompasses a broad array of injuries involving the distal metadiaphyseal and metaphyseal region ([@CIT0010]). Given the often diverse fracture patterns, a variety of operative strategies have evolved to treat these injuries, ranging from external fixation ([@CIT0011], [@CIT0003]) to locked compression plating ([@CIT0004], [@CIT0001]).

Plating has emerged as a common treatment for these injuries, as they are often too distal for traditional intramedullary nailing. To minimize disruption of the particularly tenuous soft-tissue envelope and periosteal blood supply, minimally invasive plate osteosynthesis (MIPO) was developed ([@CIT0012], [@CIT0016]) and then applied to locked plating ([@CIT0023]).

More recently, studies have found healing complications related to the stiffness of locked plating, namely delayed union and non-union ([@CIT0019]). We conducted a systematic review to compare the outcomes and complications of locked and non-locked plating in the treatment of distal tibial fractures in adults. We hypothesized that these difficult-to-treat, often periarticular injures would have less complications when locking technology was used.

Material and methods {#ss1}
====================

Search strategy {#ss2}
---------------

This systematic review was registered with the PROSPERO international database at the Centre for Reviews and Dissemination (registration number CRD4201400710). Our protocol consisted of a systematic literature search performed up to June 2012, using PubMed, to identify studies involving minimally invasive locked and non-locked plating of distal tibia fractures. The following keywords were used: "distal tibia fracture(s)" and "pilon fracture(s)", with each of the following additional search terms: "minimally invasive", "MIPO", "MILPO", "locking plates", "locked plating", or "plate fixation". Each combination of these keywords and additional search terms on PubMed were initially screened for relevance by 2 independent observers based on title, then abstract, and finally full-text review using the following inclusion and exclusion criteria.

Selection criteria {#ss3}
------------------

Before initiating the search, we established proper inclusion and exclusion criteria to determine the eligibility of any article for consideration for review. The inclusion criteria were: (1) English language article; 2) study with at least 10 cases involving patients 18 years of age or older; and (3) open and closed fractures defined as "distal" AO 42A-C and all AO 43A-C (based on AO classification of fractures) ([@CIT0027]). The exclusion criteria were: (1) double plating application; (2) use of a lateral approach for non-invasive plating of the distal tibia rather than a medial approach; (3) study involving combination plating and intramedullary fixation; (4) no specification of minimally invasive osteosynthesis technique; and (5) no specification of locked or non-locked plating.

Data extraction ([Figure](#F1){ref-type="fig"}) {#ss4}
-----------------------------------------------

2 observers (ASK and NT) reviewed all the identified titles and abstracts independently. For inclusion of an article, there had to be agreement between the observers. The full texts of the articles selected were then reviewed. The following independent variables and outcomes were retrieved and extracted to a spreadsheet: demographic data (sex, age); average follow-up; number of cases in each study; number of open fractures; number of intra- and extra-articular fractures; incidence of superficial and deep infection, malalignment, non-union, delayed union, bone graft application, wound healing problems, hardware removal, implant failure, and reoperation for reasons other than bone grafting or hardware removal or debridement. Malalignment was defined as any angular deformity of more than 5 degrees in the frontal plane or more than 10 degrees in the sagittal plane, unless otherwise mentioned in the article. If the authors of an article did not define "delayed union" or "non-union", we considered "delayed union" to mean that the healing time exceeded 6 months and we considered "non-union" to be failure to heal by 9 months. Implant failure was defined as any instance of screw cutout, plate/screw breakage, or implant displacement ([@CIT0012]).

![Flow chart showing the steps of the literature search.](ORT-85-299-g001){#F1}

Statistics {#ss5}
----------

Several outcomes were compared across the selected studies; these included: non-union, delayed union, bone graft application, superficial infection, deep infection, wound healing difficulties, implant failure, reoperation, malalignment, and implant removal. Study-level binomial regression was used on the pooled data across the included studies. To carry out this regression, the glm function was used in the R software package ([@CIT0032]), where each regression was weighted using the number of cases. Because there was suspected heterogeneity among the chosen studies, the regression model assumed the quasi-binomial distribution rather than the binomial distribution. The quasi-binomial distribution is similar to the binomial one, with the exception that the dispersion parameter is no longer fixed to 1 and allows for the estimation of over-dispersion. 2 models were systematically investigated. Model 1 was a simple model that examined only the effect of locking status---which was the primary study characteristic of interest---on each outcome. Model 2 extended model 1 such that it not only included locking status but also adjusted for various study characteristics of interest, which included: mean age of study participants, average follow-up time, number of female study participants, number of open fractures, and number of intra- and extra-articular fractures.

Risk of bias {#ss6}
------------

As with any systematic review, several forms of bias are introduced and must be considered when collecting and analyzing source data. Database bias is present, however small, when using an expansive collection of literature such as PubMed. Source selection bias, again small, is present when only making use of published data. Finally, publication bias may exist in any systematic review in which conclusions are drawn from pooled studies, as there is always potential for under- or over-reporting of certain outcomes.

Results {#ss7}
=======

29 studies met our eligibility criteria. 17 of them involved patients with locked plating and 11 of them involved patients with non-locked plates. 1 study ([@CIT0030]) included patients in both groups ([Table 1](#T1){ref-type="table"}). 2 other studies did not report thoroughly on the data necessary for analysis, so only 27 studies contributed to the analysis ([Figure](#F1){ref-type="fig"}). None of the studies included was a truly randomized clinical trial. There were 764 cases altogether, with 499 cases involving locked plating and 265 cases involving non-locked plating. The average age of the study participants was 44 (31--53) years. In the studies selected, there were approximately 10 females per study with 1 study ([@CIT0021]) involving 26 females. The mean follow-up time was 20 (8.8--36) months. The number of open fractures varied among studies, and there were as few as 0 open fractures in 12 studies, while [@CIT0021] had as many as 21 open fractures. The number of intra- and extra-articular fractures in each study varied, with an average of 10 intra-articular fractures and 18 extra-articular fractures.

###### 

Characteristics of the studies

  A                       B    C      D    E    F    G    H   I   J   K   L   M   N    O   P    Q
  ----------------------- ---- ------ ---- ---- ---- ---- --- --- --- --- --- --- ---- --- ---- ----
  *Locking studies*                                                                             
   [@CIT0022]             48   51     24   19   18   9    0   5   2   6   2   0   1    0   0    23
   [@CIT0009]             38   50     13   32   12   8    1   2   0   0   0   1   2    0   1    2
   [@CIT0030]             22   44     8    25   0    0    1   2   0   1   0   0   0    1   1    1
   [@CIT0017]             20   44.7   4    12   9    8    2   3   1   0   1   1   1    2   0    5
   [@CIT0034]             19   43     9    34   9    0    1   0   0   3   0   0   0    6   2    3
   [@CIT0015]             80   36.2   16   12   12   19   3   7   1   1   0   0   5    2   2    27
   [@CIT0014]             41   44.4   17   12   0    0    0   0   0   0   0   0   0    6   0    24
   [@CIT0004]             42   35     11   20   27   8    0   0   2   1   1   0   0    0   0    4
   [@CIT0001]             17   43.5   7    12   0    0    1   3   1   1   1   1   1    0   0    2
   [@CIT0036]             12   52     4    22   0    0    0   0   0   0   0   0   0    0   0    1
   [@CIT0024]             26   31     6    28   26   0    1   0   2   0   0   0   1    0   0    1
   [@CIT0002]             35   42     12   14   8    7    1   0   2   1   1   0   1    1   1    1
   [@CIT0037]             20   34     8    18   2    0    0   1   2   1   0   0   1    1   0    8
   [@CIT0040]             29   48.3   13   24   29   11   0   0   0   0   0   1   29   1   0    0
   [@CIT0007]             15   39.8   6    29   7    0    0   1   0   0   1   0   0    0   0    0
   [@CIT0025]             16   53     9    21   7    16   0   5   2   0   0   0   0    0   0    0
   [@CIT0035]             19   43.3   6    9    18   2    0   1   1   0   0   0   0    2   1    4
  *Non-locking studies*                                                                         
   [@CIT0006]             21   41     5    14   0    0    2   2   1   2   0   2   1    2   4    2
   [@CIT0029]             21   52     7    19   4    2    0   0   0   0   0   0   0    0   0    0
   [@CIT0018]             20   43     13   9    8    2    0   0   2   0   0   0   0    0   4    0
   [@CIT0030]             21   49     9    24   0    0    0   0   0   0   0   0   0    0   0    0
   [@CIT0031]             23   43     8    12   4    0    0   0   1   0   1   1   0    0   0    0
   [@CIT0021]             69   45.8   26   24   28   21   6   3   0   3   1   2   9    1   14   3
   [@CIT0033]             20   38.3   4    12   3    0    0   4   1   0   0   4   0    0   1    4
   [@CIT0026]             19   47.9   10   26   4    3    1   0   0   0   2   2   2    0   7    2
   [@CIT0020]             24   41.3   7    30   19   4    0   0   1   0   0   0   2    0   2    2
   [@CIT0013]             10   42.5   4    36   8    2    0   2   1   0   1   1   1    0   0    1
   [@CIT0005]             17   48.1   2    17   17   3    0   0   0   0   0   0   0    2   0    4

A Author, Year

B No. of cases

C Average age, years

D No. of females

E Length of follow-up, months

F No. of intra-articular fractures

G No. of open fractures

H Non-unions

I Delayed unions

J Superficial infections

K Deep infections

L Implant failures

M Reoperations

N Bone graft applications

O Wound healing difficulties

P Mal-alignments

Q Implant removals

Based on descriptive analysis, locked plating showed a higher rate of delayed union (6%) and implant removal (21%) than non-locked plating (4% and 7%, respectively). Locked plating showed a lower rate of non-union (2%), malalignment (2%), and reoperation (1%) than non-locked plating (3% non-union, 12% malalignment, and 5% reoperation) ([Table 1](#T1){ref-type="table"}).

Quasi-binomial regression model 1 examined the effect of locking status on each outcome. When we pooled all studies and carried out regression analysis, the estimated odds ratio (OR) for non-unions of locked plating compared to non-locked plating was 0.40 (95% CI: 0.20--0.81; p = 0.02) ([Table 2](#T2){ref-type="table"}). Using model 1, removal of a locked plate was more likely to occur, with an OR of 6 (95% CI: 1.8--19; p = 0.007). Reoperation (OR = 0.14; p = 0.01) and malalignment (OR = 0.09; p \< 0.001) were also less likely to occur when locked plating was used.

###### 

Quasi-binomial regression results for the effect of locking status on various outcomes (i.e. model 1)

  Outcome                    Estimate   SE [**^a^**](#T2-F1){ref-type="fn"}   p-value   OR [**^b^**](#T2-F2){ref-type="fn"}   LB [**^c^**](#T2-F3){ref-type="fn"}   UB [**^d^**](#T2-F4){ref-type="fn"}
  -------------------------- ---------- ------------------------------------- --------- ------------------------------------- ------------------------------------- -------------------------------------
  Non-union                  --0.906    0.352                                 0.02      0.4                                   0.203                                 0.805
  Delayed union              0.437      0.476                                 0.4       1.5                                   0.610                                 3.933
  Bone grafting              --0.100    0.971                                 0.9       0.9                                   0.135                                 6.066
  Superficial infection      0.528      0.601                                 0.4       1.7                                   0.522                                 5.505
  Deep infection             0.023      0.575                                 1         1                                     0.332                                 3.156
  Wound healing difficulty   0.811      0.842                                 0.3       2.2                                   0.432                                 11.716
  Implant failure            --0.320    0.621                                 0.6       0.73                                  0.215                                 2.454
  Reoperation                --1.981    0.743                                 0.01      0.14                                  0.032                                 0.591
  Malalignment               --2.390    0.409                                 0.000     0.09                                  0.041                                 0.204
  Implant removal            1.773      0.608                                 0.007     5.9                                   1.789                                 19.390

**^a^** SE: standard error.

**^b^** OR: odds ratio.

**^c^** LB = 95% CI lower bound.

**^d^** UB = 95% CI upper bound.

With adjustment for all independent variables, quasi-binomial regression model 2 showed no statistically significant relationship between locked plating and non-unions (OR = 0.44; p = 0.2) or delayed unions (OR = 1.5; p = 0.5) ([Table 3](#T3){ref-type="table"}). The estimated odds ratio for reoperation of a locked plate vs. a non-locked plate was 0.13 (95% CI: 0.03--0.57; p = 0.01), while that for malalignment was 0.10 (95% CI: 0.02--0.42; p = 0.005).

###### 

Quasi-binomial regression results for the effect of locking status on various outcomes adjusted for all of the independent variables (i.e. model 2)

  Outcome                    Estimate   SE [**^a^**](#T3-F1){ref-type="fn"}   p-value   OR [**^b^**](#T3-F2){ref-type="fn"}   LB [**^c^**](#T3-F3){ref-type="fn"}   UB [**^d^**](#T3-F4){ref-type="fn"}
  -------------------------- ---------- ------------------------------------- --------- ------------------------------------- ------------------------------------- -------------------------------------
  Non-union                  --0.824    0.600                                 0.2       0.44                                  0.135                                 1.421
  Delayed union              0.384      0.581                                 0.5       1.5                                   0.470                                 4.589
  Bone grafting              1.386      1.763                                 0.4       4                                     0.126                                 126.615
  Superficial infection      0.559      0.472                                 0.3       1.7                                   0.694                                 4.408
  Deep infection             1.080      1.156                                 0.4       2.9                                   0.306                                 28.401
  Wound healing difficulty   0.627      0.842                                 0.5       1.9                                   0.359                                 9.759
  Implant failure            --0.031    0.601                                 1         0.97                                  0.299                                 3.147
  Reoperation                --2.016    0.739                                 0.01      0.13                                  0.031                                 0.567
  Malalignment               --2.287    0.727                                 0.005     0.10                                  0.024                                 0.422
  Implant removal            1.149      0.586                                 0.06      3.2                                   1.001                                 9.941

**^a^** SE: standard error.

**^b^** OR: odds ratio.

**^c^** LB = 95% CI lower bound.

**^d^** UB = 95% CI upper bound.

Discussion {#ss8}
==========

To our knowledge, this is the first systematic review to directly compare outcomes of locked and non-locked plating in distal tibia fractures treated using the MIPO and MILPO techniques. In response to the high rates of infection, delayed union, and non-union with traditional extensile approaches in the distal tibia region, MIPO techniques were developed ([@CIT0018], [@CIT0008]) and later adapted to locked compression plating (LCP), i.e. MILPO ([@CIT0017], [@CIT0004]). Employing both indirect and direct reduction maneuvers, this technique allows for an extra-periosteal, subcutaneous tunnel to run between 2 or more small incisions, allowing the plate to span the fracture site while minimizing soft-tissue disruption ([@CIT0033]).

More recently, plate selection has become a topic of debate, with high rates of healing difficulties reported with the use of locked plates in other anatomical regions ([@CIT0019]). Previously, [@CIT0028] had looked at all the fixation techniques for non-articular distal tibia fractures, including plating using a minimally invasive approach. Their review of locked and non-locked plating revealed low rates of infection, malunion, and non-union with both plating systems when using this technique.

In contrast, when using quantitative analysis alone, we found locked plating to have a 50% increase in the rate of delayed union and a 3-fold increase in the rate of implant removal while the rate of malalignment was 6 times less prevalent with locked plating. The rate of superficial infection was similar in both plating groups studied.

When examining the effect of locked plating on each variable via model 1, non-union, reoperation, and malalignment are seemingly less likely to occur with the use of locked plating ([Table 2](#T2){ref-type="table"}). Conversely, locked plating was more likely to result in implant removal. Although a higher rate of delayed union was observed with locked plating, this was not found to be significant when applying the regression model (OR = 1.5; p = 0.4).

When adjusted for all independent variables, model 2 demonstrated that the relative probabilities for delayed union (OR = 1.5; p = 0.5) or non-union (OR = 0.44; p = 0.2) were no different with locked plating. In addition, the odds ratio of implant removal was no longer significant (p = 0.06). Conversely, the significantly lower relative probability of reoperation (p = 0.01) and malalignment (p = 0.005) remained when locked plating was used. These findings should call for consideration of the statistical method used when outcomes of locked and non-locked plating are reported.

We attempted to determine the relative chances of complications among heterogeneous studies. However, a thorough meta-analysis was not possible as there has not been a sufficient number of prospective, comparative, and randomized clinical trials. Variability in the reporting of fracture location (articular vs. non-articular involvement; metaphyseal vs. meta-diaphyseal) and degree of comminution was difficult to standardize for the review, and may have affected the findings. Additionally, the lack of a standardized method for evaluation and reporting of complications may have affected the results. For instance, the reporting of wound complications (superficial vs. deep) was not standardized, and therefore difficult to categorize---thereby possibly skewing outcomes. Other factors, such as smoking history, diabetes, and other chronic medical diseases, may have adversely affected outcomes. However, such data were not adjusted for, as they were either under-reported or not reported at all in the studies selected.

The confounding potential of some variables must be considered in the comparison of locked and non-locked plating in this study. Locking plates are more recent technology, so most of the studies included were more recent than the non-locked studies. This could represent a trend in the use of "newer" technology in the treatment of distal tibia fractures rather than a true effect of the locking mechanism on treatment outcomes. Furthermore, surgeon preference may also be a factor in the choice of plate fixation: more conservative surgeons may be less likely to use locking plates. Another potential confounder is severity of injury and subsequent choice of fixation. Degree of comminution is often difficult to quantify and report in a standardized format. However, this factor does often dictate the choice of surgical fixation and may skew certain fracture patterns with the choice of locked or non-locked plating. Finally, in an attempt to control for different surgical techniques, we included only studies that used a minimally invasive surgical approach by the medial side of tibia. This technique minimizes soft-tissue dissection in an attempt to promote vascularity around the fracture site. This may unintentionally increase the inclusion of either more severe injuries or a more "at-risk" patient population, and therefore prevent generalization of the current results to all patients.

Although this systematic review found a strong correlation between the use of locked plating and reduction of the odds of malalignment and reoperations, we are careful not to endorse its use in all distal tibia fractures. Additional, well-designed observational studies and randomized controlled trials are necessary to show causality, given the potential for confounding as previously discussed. Other clinical and cost-benefit factors must also be considered. While the use of internal fixed-angle devices has grown exponentially, resulting in three-quarters of all plates sold in the USA, indications for locked plating rather than non-locked plating in distal tibia fractures remain nebulous, often being left to the discretion of the surgeon ([@CIT0039]). As locking screws alone can cost up to 6 times more than non-locking screws, locked plating constructs come at a substantially greater cost to the patient and the healthcare system ([@CIT0038]). To better understand the indications and benefits of locked plating for these injuries, future studies should carefully scrutinize the cost-benefit of such devices in light of the reported outcomes.
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